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Objectives: Investigate predictors of falls and fractures leading to hospitalization in a large cohort of
people with dementia.
Design: A retrospective cohort study.
Setting and Participants: People with diagnosed dementia between January 2007 and March 2013, aged
>65 years, were assembled using data from the Maudsley Biomedical Research Centre Case Register,
from 4 boroughs in London serving a population of 1.3 million people.
Measures: Falls and/or fractures leading to hospitalization were ascertained from linked national records.
Demographic data, cognitive test scores, medications, and symptom and functioning scores from Health
of the Nation Outcome Scales (HoNOS65þ) were modeled in multivariate survival analyses to identify
predictors of falls and fractures.
Results: Of 8036 people with dementia (63.9% female), 2500 (31.1%, incidence rate 125.5 per 1000 person-
years) had a fall during a mean follow-up of 2.5 years and 1437 (17.7%, incidence rate 65.5 per 1000
person-years) had a fracture. In multivariable models, signiﬁcant predictors of falls were increased age,
female gender, physical health problems, previous fall or fracture, vascular dementia vs Alzheimer’s
disease, higher neighborhood deprivation, noncohabiting status, and problems with living conditions.
Ethnic minority status was protective of falls (eg, Caribbean/Asian ethnicity). Medications (including
psychotropic and antipsychotics), neuropsychiatric symptoms, cognitive (Mini-Mental State Examination
scores), or functional problems did not predict hospitalized falls. Predictors of fractures were similar to
those predicting falls.
Implications: Over an average of 2.5 years, a third of people with dementia had a fall leading to hospi-
talization, necessitating action in clinical practice. Clinicians should consider that besides established
demographic and physical healtherelated factors, the risk of hospitalization due to a fall or fractures in
dementia is largely determined by environmental and socioeconomic factors. Interestingly, our data
suggest that neuropsychiatric symptoms, cognitive status, functioning, or pharmacotherapy were not
associated with falls/fractures.
 2018 AMDA e The Society for Post-Acute and Long-Term Care Medicine. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).he, Janssen, and GSK outside
o conﬂicts of interest.
* Address correspondence to Brendon Stubbs, PhD, MSc, MCSP, Physiotherapy
Department, South London and Maudsley NHS Foundation Trust, Denmark Hill,
London, United Kingdom.
E-mail address: brendon.stubbs@kcl.ac.uk (B. Stubbs).
and Long-Term Care Medicine. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
S. Sharma et al. / JAMDA xxx (2018) 1e62Falls are common in older age and associated with morbidity,
reduced quality of life, increased risk of admission to long-term care
facilities, health care expenditure, and premature mortality.1e3
Consequently, understanding the predictors of falls and fractures is a
global health priority.4 Although it is established that reduced global
cognition, increasing cognitive impairment, and dementia are asso-
ciated with an increased risk of falls,5 less is known about the pre-
dictors of falls and fractures, speciﬁcally among people with
conﬁrmed dementia.
A systematic review6 with a search date of more than 10 years ago
identiﬁed across 6 studies that motor impairments, impaired vision,
type and severity of dementia-related behavioral disturbances, func-
tional impairments, fall history, neuroleptics, and low bone mineral
density were key risk factors for falls. A more recent systematic re-
view7 conﬁrmed the earlier risk factors and also found mixed results
for sociodemographic risk factors, while noting that psychotropic
medication (particularly benzodiazepines and antipsychotics) and
orthostatic hypotensionwere associatedwith an increased risk of falls.
Although these comprehensive systematic reviews have advanced the
ﬁeld, a number of limitations persist. First, no study has been con-
ducted in a sample of more than 300 people with dementia, which
raises questions about the generalizability of the earlier research on
risk factors of falls. Second, very few studies with an adequate sample
size have investigated how risk for falls varies by dementia subtype.
Third, there is a lack of representative information on the respective
risk for falls from commonly used medications in dementia such as
benzodiazepines, anticholinergics, and cholinesterase inhibitors.
Fourth, although fractures are known to be common in people with
dementia8,9 and associated with adverse outcomes10 in this popula-
tion, including premature mortality,11 the predictors of fractures are
unclear.
Therefore, we conducted a representative cohort study investi-
gating predictors of falls and fractures leading to hospitalization
among people with clinically diagnosed dementia.12
Methods
Study Setting and Data Source
A retrospective observational study was conducted using data
from the South London and Maudsley NHS Foundation Trust (SLaM)
Biomedical Research Centre (BRC) Case Register. SLaM is one of
Europe’s largest mental health and dementia care providers, serving a
geographic catchment of 4 South London boroughs (Lambeth, Lewi-
sham, Southwark, and Croydon) with a population in excess of 1.3
million. The data for the current study were captured from the Clinical
Record Interactive Search (CRIS) application, which enables an ano-
nymized version of SLaM’s electronic health record to be accessible for
research projects within a robust and patient-led governance frame-
work.13 The SLaM BRC Case Register has been described in detail14,15
and has supported a range of studies, including several longitudinal
cohort studies of dementia and related mental disorders of later
life.16e19 SLaM caters for most mental health and dementia care pro-
vided in this catchment area covering 1.3 million people, speciﬁcally
the case register; includes representative data on people with mental
health diagnoses from 4 London Boroughs; and is the largest elec-
tronic health record of mental health services in Europe.14,15 Data are
currently archived in CRIS onmore than 300,000 cases with a range of
mental disorders, and the database has full approval for secondary
analysis (Oxford Research Ethics Committee C, reference 08/H0606/
71þ5). Data from CRIS have been extensively supplemented through
natural language processing applications using Generalised Architec-
ture for Text Engineering (GATE) software, applying information
extraction techniques to derive structured information from the
extensive text ﬁelds held in the mental health record.13Participants
All SLaM patients receiving an outpatient diagnosis of dementia,
coded according to ICD-10 criteria,12 between January 1, 2007, and
March 31, 2013, were included in the current analysis. The ﬁrst
recorded dementia diagnosis was grouped by recorded ICD-10 code as
follows: Alzheimer’s disease (F00), vascular dementia (F01), and de-
mentia in other diseases (F02; which includes Lewy body dementias).
If both Alzheimer’s disease and vascular dementia were recorded at
the time of the ﬁrst dementia diagnosis, they were recorded as mixed
dementia. To avoid bias arising from dementia diagnoses made during
general hospital inpatient stays when physical illness impedes the
cognitive assessment, patients receiving care from SLaM General
Hospital Liaison services within a 6-month period before and after
dementia diagnosis date were not included in the analysis. SLaM pa-
tient records have been linked with Hospital Episode Statistics, which
were available until March 2013.20 Information governance and data
linkages are described in detail elsewhere.13Falls and Fractures Data (Outcome)
The primary outcome was a hospitalized fall and/or fracture from
general hospital records. An admission was considered due to a fall
and/or fracture if the relevant ICD-10 code was recorded as any
discharge diagnosis. ICD-10 codes applied to ascertain falls wereW00-
W19 and fractures M80-M84, M907, S02, S12, S32, S42, S52, S62, S72,
S82, S92, S22, T02, T08, T10, T12X, T902, T911, T912, and T921. The
censoring point for follow-up was either the ﬁrst fall or fracture,
death, or March 31, 2013 (end of time period for data collection).Predictors
A range of measurements were extracted from CRIS and all inde-
pendent variables (covariates) were derived from information recor-
ded closest to the date of the ﬁrst recorded dementia diagnosis in the
records, and this ﬁrst dementia diagnosis date was applied as the
“index date” for all analyses. Demographic information extracted
included age, gender, and index of multiple deprivation (IMD)21 for
the neighborhood of residence (Lower Super Output Area) at the time
of diagnosis. The IMD has previously been used in CRIS22 and takes
into account area-level deprivation from Census data across several
domains including income, employment, health, education, barriers to
housing and services, living environment, and crime.23 We also used
information from the Mini-Mental State Examination (MMSE) score24
at the time of diagnosis. Marital/cohabiting status was classiﬁed into
cohabiting (civil partnership, married, cohabiting) and noncohabiting
(single, divorced, civil partnership dissolved, widowed, separated)
groups. Recorded ethnicity was extracted from structured ﬁelds and
grouped into the following categories: white British, Irish, other white
background, African, Caribbean, South Asian, and other.
Mental and physical well-being, as well as functional status, were
determined from the Health of the Nation Outcome Scales (HoNOS
65þ), which are routinely administered in UK mental health services
and recorded as structured data on the electronic health record.25
Scores for each item range from 0 (no problem) to 4 (severe prob-
lem), and we extracted scores relating to overactive or aggressive
behavior, nonaccidental self-injury, problem-drinking or drug taking,
hallucinations or delusions, depressed mood, physical illness or
disability, relationship problems, activities of daily living (ADL)
problems, living conditions, and occupational and recreational activ-
ities, where these scales were completed within 6 months before or
after the index date. To ease analysis and interpretation, we dichoto-
mized the scores into “no or mild problem” (score 0-1) and “problem
present” (score 2-4). We further used hospitalization records to
Table 1
Sample Characteristics by Fall Status
Risk Factors Had Fall
(Fracture)
(n ¼ 2500)
No Fall or
Fracture
(n ¼ 5617)
P Value*
Sociodemographic status and cognitive functiony
Mean age at dementia diagnosis (SD) 82.3 (6.8) 80.4 (7.0) <.001
Female gender, % 70.1% 61.1% <.001
Married or cohabiting status, %z 29.9% 39.5% <.001
Mean index of deprivation (SD)x 26.6 (11.6) 25.6 (11.7) <.001
Mean MMSE score at diagnosis (SD)k 19.9 (6.1) 19.5 (6.4) .022
Ethnicity, %y,x <.001
White British 75.5 64.6
Irish 6.6 4.9
Any other white 6.2 6.8
African 1.0 2.2
Caribbean 6.6 14.2
South Asian 1.9 3.3
Other 2.2 4.0
Dementia subtype diagnosis, %y,x .002
Alzheimer’s disease (F00) 54.9 59.5
Vascular dementia (F01) 25.5 22.3
Mixed-type dementia 15.2 14.2
Dementia in other diseases (F02) 4.4 4.0
HoNOS65þ symptoms/disorders, %y,x
Overactive, aggressive behaviorz 18.3 18.7 .710
Nonaccidental self-injuryz 1.4 1.2 .398
Problem-drinking or drug takingz 2.5 2.4 .613
Hallucinations or delusionsz 13.9 12.8 .223
Depressed moodz 16.9 15.1 .039
Physical illness or disabilityz 50.9 46.9 .001
HoNOS65þ functional problems, %y,x
Relationship problemz 16.6 17.3 .445
Activities of daily living problemz 55.4 54.4 .400
Problem with living conditionsz 12.4 10.4 .009
Problem with occupational and
recreational activitiesz
32.3 31.9 .738
Medication prescription, %{
Benzodiazepines 12.4 11.9 .545
Anticholinergics 8.4 8.4 .935
Antihypertensives 31.1 32.7 .151
Antidepressants 26.7 23.1 <.001
Antipsychotics 14.4 14.9 .633
Cholinesterase inhibitors 29.8 34.6 <.001
Analgesics 31.2 28.0 .003
Received 4 or medications 18.9 17.3 .076
Previous hospitalized fall or fracture, %**
Fall 9.3 5.7 <.001
Fracture 5.4 3.4 <.001
*t test or c2 test.
yAt the time of dementia diagnosis.
zMissing data: 5%-10%.
xMissing data: <5%.
kMissing data: >10%.
{1 y before or after dementia diagnosis.
**Within 1 y before dementia diagnosis.
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dementia diagnosis.
Medications received by participants were extracted from struc-
tured medication ﬁelds supplemented by natural language processing
applications applied to free text.13 Receipt of medication in the
following groups was ascertained for the period of 1 year before or
after the index date: benzodiazepines, any medication with anticho-
linergic properties (referred to as anticholinergics), antihypertensives,
antidepressants, antipsychotics, acetyl cholinesterase inhibitors, and
analgesics. The total number of different medications prescribed was
also calculated and a binary variablewas created according towhether
patients received 4 or more types of medications.26
Statistical Analysis
All statistical analyses were conducted with Stata, version 13,
software. The study population was initially summarized in terms of
demographic and clinical variables, followed by univariate Cox pro-
portional hazard models for predictors affecting time to ﬁrst fall
leading to hospitalization as the outcome variable. Univariate analyses
were repeated in the complete case sample (with no missing data on
any of the variables), followed by multivariate models. In a ﬁnal stage,
analyses were repeated for ﬁrst fracture as the outcome.
Results
In the observation period, 8036 patients with a diagnosis of de-
mentia were identiﬁed with a mean age of 81.0 (standard deviation,
7.0) years, of whom 63.9% were female with a mean MMSE score at
diagnosis of 19.6 (6.3). Of these, 2500 patients (31.1%) had at least 1
hospitalized fall in the follow-up period (incidence rate 125.5 per
1000 years of follow-up). Overall, 1437 (17.7%) of patients in the
sample had a fracture in the follow-up period (incidence rate 65.5 per
1000 years of follow-up), and 1220 of the fractures occurred at the
same time as the ﬁrst fall (ie, 48.8% of ﬁrst falls were accompanied by a
fracture). Mean follow-up time until ﬁrst fall (with or without frac-
ture) or death/censoring point was 2.48 (2.13) years. For 78.9% of the
cohort, there were no missing data on any of the covariates and the
complete case sample consisted of 6342 patients, of which 2011
(31.7%) had a fall (incidence rate 124.8 per 1000 person-years follow-
up) and 1142 (18.0%) had a fracture (incidence rate 64.3 per 1000
person-years follow-up).
Sample characteristics grouped according to the presence of falls in
the follow-up period are presented in Table 1. Patients with dementia
who had a fall leading to hospitalization were older, from more
deprived neighborhoods, and had higher MMSE scores at diagnosis;
they were less likely to be male, cohabiting, from an ethnic minority,
have a diagnosis of Alzheimer’s disease, or prescribed a cholinesterase
inhibitor. In terms of symptoms, function, and medication, those with
a hospitalized fall were more likely to have depressed mood, worse
physical health, to have problems with their living conditions, to be
prescribed antidepressants and analgesics, and to have a previous
hospitalized fall or fracture before dementia diagnosis.
Predictors of Falls Leading to Hospitalization
No substantial differences were detected in incidence rates and
unadjusted Cox regression models between the full cohort and the
complete case sample. Hazard ratios for hospitalized falls related to
potential predictors are presented in Table 2. In the fully adjusted
model, statistically signiﬁcant demographic predictors included age,
female gender, noncohabiting status, a higher index of deprivation, as
well as vascular dementia, mixed-type dementia, and dementia in
other diseases (all compared to Alzheimer’s disease). Caribbean,
African, South Asian, and “any other white” (all compared to whiteBritish) ethnicities were associated with a decreased risk of falls. In
relation to comorbidities, functioning, pharmacotherapy, only phys-
ical health problems, previous falls and/or fractures, and problems
with living conditions all remained signiﬁcant predictors in the fully
adjusted model.Predictors of Fractures in the Sample
Similar predictors for fracture were detected as for falls. In a
multivariate Cox fully adjusted regression model, a signiﬁcantly
higher risk of fractures was associated with higher age [1-year in-
crease, hazard ratio (HR) 1.05, 95% conﬁdence interval (CI) 1.0-1.06],
female gender (HR 1.62, 95% CI 1.40-1.88), noncohabiting status (HR
1.20, 95% CI 1.04-1.38), higher deprivation (HR 1.06 per 10-point in-
crease, 95% CI 1.01-1.12), physical health problems (HR 1.28, 95%
Table 2
Univariate and Adjusted Cox Regression Models Showing Hazard Ratio for Time to First Fall
Risk Factors Full Sample (n ¼ 8036) Complete Case Sample (n ¼ 6342)
Unadjusted
Hazard Ratio
P Value Unadjusted
Hazard Ratio
P Value Age, Gender, MMSE,
Ethnicity Adjusted
Hazard Ratio
P Value Fully Adjusted
Hazard Ratio*
P Value
Sociodemographic status and cognitive functiony
Age (1-y increase) 1.06 (1.64-1.07) <.001 1.07 (1.06-1.08) <.001 1.06 (1.06-1.07) <.001 1.06 (1.05-1.07) <.001
Female gender 1.29 (1.19-1.41) <.001 1.31 (1.19-1.44) <.001 1.17 (1.06-1.29) .001 1.14 (1.03-1.27) .013
Noncohabiting status 1.44 (1.31-1.57) <.001 1.46 (1.33-1.61) <.001 1.26 (1.13-1.39) <.001 1.16 (1.05-1.29) .005
Mean index of multiple deprivation
(10-unit increase)
1.06 (1.02-1.09) <.001 1.08 (1.04-1.12) <.001 1.13 (1.08-1.17) <.001 1.08 (1.04-1.13) <.001
MMSE (1-point increase) 1.00 (1.00-1.01) .484 1.00 (0.99-1.01) .623 1.00 (0.99-1.01) .922 1.00 (1.00-1.01) .369
Ethnicity, %y
White British Referent Referent Referent Referent
Irish 1.00 (0.85-1.17) .980 0.99 (0.83-1.18) .907 1.19 (1.00-1.42) .054 1.13 (0.95-1.35) .175
Any other white 0.75 (0.63-0.88) .001 0.75 (0.63-0.91) .003 0.77 (0.64-0.93) .006 0.77 (0.64-0.93) .007
African 0.40 (0.27-0.60) <.001 0.44 (0.28-0.69) <.001 0.67 (0.43-1.05) .081 0.61 (0.39-0.96) .031
Caribbean 0.41 (0.35-0.48) <.001 0.41 (0.35-0.49) <.001 0.50 (0.41-0.59) <.001 0.45 (0.38-0.54) <.001
South Asian 0.50 (0.38-0.67) <.001 0.53 (0.39-0.73) <.001 0.63 (0.46-0.86) .004 0.67 (0.49-0.91) .011
Other 0.53 (0.41-0.70) <.001 0.49 (0.36-0.67) <.001 0.57 (0.42-0.78) <.001 0.55 (0.40-0.76) <.001
Dementia subtype diagnosisy
Alzheimer’s disease (AD) (F00) Referent Referent Referent Referent
Vascular dementia (VD) (F01) 1.20 (1.10-1.32) <.001 1.28 (1.15-1.43) <.001 1.47 (1.32-1.63) <.001 1.28 (1.14-1.44) <.001
Mixed-type dementia (AD and VD) 1.06 (0.95-1.19) .282 1.14 (1.01-1.28) .038 1.23 (1.09-1.39) .001 1.14 (1.00-1.29) .044
Dementia in other diseases (F02) 1.11 (0.91-1.35) .301 1.18 (0.93-1.50) .172 1.84 (1.44-2.34) <.001 1.57 (1.22-2.02) <.001
HoNOS65þ symptoms/disorders*
Overactive, aggressive behavior 1.03 (0.99-1.09) .146 1.04 (0.98-1.10) .196 1.08 (1.01-1.14) .017 1.03 (0.96-1.10) .395
Nonaccidental self-injury 1.15 (0.82-1.61) .421 1.06 (0.73-1.54) .747 1.15 (0.79-1.67) .459 1.01 (0.69-1.47) .960
Problem-drinking or drug taking 1.02 (0.79-1.31) .906 0.99 (0.75-1.29) .920 1.17 (0.89-1.54) .257 1.04 (0.79-1.37) .789
Hallucinations or delusions 1.08 (0.96-1.21) .197 1.11 (0.98-1.26) .098 1.23 (1.08-1.40) .001 1.13 (0.98-1.30) .095
Depressed mood 1.12 (1.00-1.25) .041 1.12 (1.00-1.26) .051 1.19 (1.06-1.34) .003 1.00 (0.88-1.14) .981
Physical illness or disability 1.44 (1.33-1.56) <.001 1.47 (1.34-1.60) <.001 1.45 (1.32-1.58) <.001 1.25 (1.14-1.39) <.001
HoNOS65þ functional problems*
Relationship problem 0.96 (0.86-1.06) .407 0.95 (0.84-1.07) .404 1.05 (0.93-1.19) .427 0.90 (0.79-1.03) .118
Activities of daily living problem 1.22 (1.13-1.33) <.001 1.25 (1.15-1.37) <.001 1.21 (1.10-1.32) <.001 1.00 (0.90-1.11) .950
Problem with living conditions 1.33 (1.18-1.51) <.001 1.37 (1.19-1.56) <.001 1.47 (1.28-1.68) <.001 1.26 (1.09-1.45) .001
Problem with occupational and
recreational activities
1.11 (1.02-1.21) .015 1.14 (1.04-1.26) .005 1.14 (1.03-1.25) .009 1.00 (0.90-1.11) .946
Medication prescriptionz
Benzodiazepines 1.11 (0.98-1.25) .095 1.12 (0.98-1.28) .104 1.15 (1.00-1.32) .043 1.03 (0.88-1.19) .721
Anticholinergics 0.89 (0.77-1.02) .101 0.88 (0.75-1.02) .095 0.98 (0.84-1.15) .813 0.86 (0.73-1.03) .104
Antihypertensives 1.11 (1.01-1.21) .017 1.11 (1.01-1.22) .027 1.10 (1.00-1.20) .052 0.98 (0.88-1.09) .724
Antidepressants 1.11 (1.02-1.22) .018 1.13 (1.02-1.24) .017 1.18 (1.07-1.30) .001 1.08 (0.96-1.21) .229
Antipsychotics 0.83 (0.74-0.93) .001 0.84 (0.74-0.95) .007 1.01 (0.89-1.15) .824 0.87 (0.75-1.01) .076
Cholinesterase inhibitors 0.90 (0.82-0.98) .012 0.88 (0.80-0.96) .007 0.85 (0.78-0.94) .001 1.03 (0.92-1.14) .649
Analgesics 1.17 (1.07-1.27) <.001 1.20 (1.09-1.32) <.001 1.20 (1.09-1.32) <.001 1.08 (0.97-1.21) .163
Received 4 or more medications 1.11 (1.01-1.23) .034 1.11 (1.00-1.24) .050 1.11 (1.00-1.24) .050 1.07 (0.90-1.27) .463
Previous fall or fracturex 2.09 (1.86-2.37) <.001 2.05 (1.78-2.35) <.001 1.68 (1.46-1.93) <.001 1.48 (1.29-1.71) <.001
Bold values indicate statistical signiﬁcance: P < .05.
*If problem present at the time of dementia diagnosis (score 2-4).
yAt the time of dementia diagnosis.
z1 y before or after dementia diagnosis.
xWithin 1 y before dementia diagnosis.
S. Sharma et al. / JAMDA xxx (2018) 1e64CI 1.12-1.46), previous hospitalized falls (HR 1.59, 95% CI 1.32-1.90),
problems with living conditions (HR 1.28, 95% CI 1.06-1.55), diagnoses
of vascular dementia (HR 1.18 compared to Alzheimer’s disease, 95% CI
1.01-1.39). Lower fracture hazards were associated with Caribbean
(HR 0.30, 95% CI 0.22-0.40) and South Asian ethnicity (HR 0.58, 95% CI
0.36-0.91, both compared to white British), as well as the receipt of
antipsychotics (HR 0.71, 95% CI 0.57-0.88).
Discussion
In the current study over a mean 2.5 years’ follow-up, we found
that approximately a third of people with dementia using secondary
mental health services were admitted to the hospital due to a fall. Our
data also add knowledge on the predictors of falls in people with
dementia, suggesting that socioeconomic factors (eg, age, female
gender, deprivation, nonwhite ethnicity), type of dementia, andenvironmental factors (eg, living conditions) are important risk fac-
tors. We did not ﬁnd evidence that neuropsychiatric symptoms (eg,
aggressive behavior) or severity of dementia at diagnosis (eg, from
MMSE score) were independent predictors of falls in the adjusted
models, and neither was there any independent risk associated with
the medication groups analyzed.
Of the sociodemographic risk factors, older age and female gender
also have been well established as risk factors for falls in the general
older adult population samples.2 Interestingly, noncohabiting status
was also associated with a slightly elevated hazard of hospitalized fall.
There is increasing evidence to suggest that deprivation is associated
with a range of adverse outcomes in older people27; however, to our
knowledge, our study is the ﬁrst to suggest that it may be a falls risk
factor and might, like marital status, act as a risk factor for falls or as a
factor inﬂuencing the likelihood of hospitalization following a fall. Of
interest, we found evidence that African, Asian, and Caribbean (vs
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hospitalization. Previous researchers have noted that Caucasian older
people have increased mobility compared to those from minority
ethnic groups, possibly providing more opportunities to fall.28 In
addition, Caucasian people have been noted to engage in balance risk-
taking behavior, and lower rates of falls have been noted in ethnic
minority groups in the general older adult population.28
Our study also sheds new light on the relative risk of falls across
different dementia diagnoses. Speciﬁcally, our data indicate that
vascular dementia, mixed dementia, and dementia in other diseases
are all associated with increased risk of falls compared to Alzheimer’s
disease. In linewith the general older adult population,2 we also found
evidence that physical illness and disability were associated with falls.
Functional dependence, as estimated from HoNOS-rated problems on
activities of daily living, was not associated with falls risk in the fully
adjusted model. This may reﬂect a stronger inﬂuence of particular
health conditions rather than associated dependence, and it might
also reﬂect lower mobility in more dependent groups. Interestingly,
problems with living conditions were also a risk factor for falls.
Environmental modiﬁcations, such as putting in hand rails and raising
toilet seats, are important interventions that can be adapted to the
individual falls risk, with established efﬁcacy in the general older adult
population.3,29 Thus, addressing such instances is a relatively easily
modiﬁable risk factor for people with dementia. Unsurprisingly, pre-
vious fall was a predictor of a future fall in this sample, which is
consistent with general population ﬁndings,2 but it also supports the
importance of routine questioning for a falls history in people with
dementia from the individual and other sources (eg, partner and
carer).
The fact that poor cognitive function (deﬁned by the MMSE) was
not a predictor for hospital admission is of interest. A number of
previous small-scale studies in the general older adult population
have suggested that worse cognitive status30,31 is associated with
increased falls in dementia, whereas in people without dementia,
worse cognitive ability is associated with an increased falls risk.5 The
reasons why we found no relationship between cognitive status and
falls may be attributable to the fact that other risk factors (physical
illness, living conditions, type of dementia, and various demographic
risk factors) are more important, or might reﬂect limited ﬁrst di-
agnoses at times of higher falls risk.
The ﬁnding that a range of commonly used medications in people
with dementia, such as benzodiazepines, anticholinergics, cholines-
terase inhibitors, analgesics, and antipsychotics, were not associated
with falls is also novel. All of these medications have been associated
with falls in the general older adult population.2,32e34 A previous large
study in Japan also found some evidence that benzodiazepine hyp-
notics [odds ratio (OR) 1.43, 95% CI 1.19-1.73, P < .001], ultrashort-
acting nonbenzodiazepine hypnotics (OR 1.66, 95% CI 1.37-2.01,
P< .001), hydroxyzine (OR 1.45, 95% CI 1.15-1.82, P¼ .001), risperidone
and perospirone (OR 1.37, 95% CI 1.08-1.73, P ¼ .010) were associated
with fractures in dementia.35 The reason for the lack of association in
our sample is unclear, but it may be attributed to the identiﬁcation of
other risk factors that play a more prominent role in predicating
hospitalized falls. We also found that taking 4 or more medications
was not associated with falls in the fully adjusted models. Before ﬁrm
conclusions are drawn about medication safety in dementia, more
detailed analyses are needed into hospital presentations and the ways
in which falls are identiﬁed and recorded, as it is possible that the
disorders being treatedmight supervene falls when hospital discharge
diagnoses are being listed and/or that falls are considered as integral
to certain disorders and are not, when comorbid, separately recorded.
The proportion of people who had a fracture with their ﬁrst hos-
pitalized fall was substantial (48%). There has been a longstanding
bidirectional relationship suggested between dementia and fractures,
with people who have a fracture at increased risk of functional declineand cognitive impairment and ultimately dementia.36 Despite the
increased awareness of the fracture risk in people with/at risk of de-
mentia, little is actually known about predictors. Our ﬁndings suggest
that the risk factors for fractures are broadly similar to falls in this
sample.
Although we believe that the current data are novel and are
derived from a large and detailed clinical database, some limitations
should be noted. First, it was not possible to collect information on
prefall/prefracture mobility, balance, and physical performance levels,
which are key risk factors for falls.2 Moreover, we did not have sufﬁ-
cient information to investigate the underlying factors for the falls.
Second, it was not possible to decipher the different types of fracture
that occurred during the study. Future research is required to explore
this, potentially with an emphasis on hip fractures, which are asso-
ciated with particularly deleterious outcomes.10 Third, there is a need
for more research into interactions between medications and treated
conditions in relation to the recording of falls, which requires a more
informative grouping of medications as risk predictors than the
limited approach taken in this analysis, one example being an inves-
tigation into the potential differential effects of individual antipsy-
chotic agents. Finally, we did not have information on speciﬁc physical
health comorbidities, which may inﬂuence the fall and fracture risk in
people with dementia.Conclusion
We found that over an average of a 2.5-year period, a third of
people with dementia experience a fall that leads to a hospitalization.
Our results suggest stronger inﬂuences of sociodemographic factors,
physical health, and environmental factors on falls risk in dementia
compared to the severity of dementia or its pharmacotherapy,
although further mechanistic investigation is required.Acknowledgments
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